INTRODUCTION
As an electroconducting polymer with stable elec trical characteristics, polyaniline (PANI) holds a spe cial position among polyconjugated systems. Variation in the conditions of oxidative polymerization of aniline can be used to prepare polymers and copoly mers with different chemical structures, which control all set of physicochemical characteristics. This approach provides a broad spectrum of possible areas of its practical applications: in gas separation mem branes as sorbents; as chemical sensors and biosen sors; as protective electromagnetic screens; as anti static, electrode, corrosion resistant, and electrochro mic materials; etc. However, the high rigidity of the polymer chain and the strong intermolecular interac tion prevent its transition into a viscous state; as a result, PANI is insoluble in most organic solvents. Therefore, preparation of profiled PANIPANI based articles is be very complicated task that is considered a serious obstacle to its practical application.
In this context, the preparation of new PANI based composite materials is a challenging problem that has triggered the development of template, inter calation, and interfacial polymerization of polya niline. These methods allow preparation of materials with valuable physicochemical characteristics directly in the course of synthesis and are based on the reaction of oxidative polymerization of aniline in a heterophase system. The method of template or matrix polymerization of aniline involves the use of a matrix (or a template), which provides structuring of the synthesized polymer. For example, in [1] , synthesis of polyaniline is per formed in the presence of poly(amidosulfoacids). The use of polyacids makes it possible to prepare polymer materials with new characteristics (for example, solu bility in water), to improve the current characteristics (film forming properties, adhesion, etc.), and to elim inate defects in the molecular structure of PANI that often arise when traditional methods of preparation are used.
In [2] , the method of boundary polymerization of aniline was described; this method allows preparation of thin defect free polyaniline coatings on various sub strates. A similar approach has been applied in [3] for the preparation of electroactive composite systems by successive polymerization of aniline on the surface of porous PE films. As a result, composite materials with a high volume electrical conductivity-σ S = 4 S/cm and σ V = 9 × 10 -7 S/cm-and good mechanical char acteristics were obtained. Abstract-Approaches for the development of anisotropic electroconducting composite materials based on polyaniline and Na montmorillonite prepared by the methods of boundary and intercalation polymerization of aniline and mechanical blending are proposed. Parallel plane compression of solid and plasticized disper sions is shown to lead to the development of primarily planar ordering of anisometric clay particles with sorbed or intercalated polymer; as a result, nanocomposites with anisotropic electrical conductivity are formed. In the prepared polymer-silicate films, the parameter of anisotropy in electrical conductivity achieves 6 × 10 An alternative approach is based on the use of a polymer matrix swollen in a monomer, aniline. This approach makes it possible to prepare electroconduc tive composites based on commercial PET and PVC films [4] . In these composites, polyaniline is primarily immobilized in a surface layer, thereby provides high surface conductivity and good mechanical character istics.
Anisotropic Electroconducting
In addition, polymer blends can be obtained by the polymerization of monomers in porous matrices pre pared by cold drawing of polymers via the mechanism of solvent crazing. This approach was proposed in [5] . This method makes it possible to form porous polymer matrices with the required morphology and parame ters of the porous structure and, thus, to control the character of the distribution and the degree of disper sion of an electroconducting component PANI. In the crazed matrices, PANI appears as spherical particles instead of fibrils that are formed during the polymer ization of aniline in its free state. In the case of the polymerization in porous matrices, the level of disper sion of PANI is higher than that in the free state.
During the past two decades, special attention has been focused on the synthesis and structural studies of electroconducting PANI based nanocomposites in the presence of species with a layered structure [6] [7] [8] [9] . Specific features of layered sili cates-small dimensions of their particles, anisomet ric shape, high sorptional characteristics, and a well developed specific surface-make them attractive components for the development of composite mate rials. The layered structure and weak interactions between elementary platelets make it possible to change the interlayer spacings in clays by the introduc tion of various compounds, such as salts, metal ions, organic solvents, or polymer molecules. Layered sili cates, especially, Na MMT, are widely used for the preparation of polymer nanocomposites via incorpo ration of an electroconducting polymer into interlayer spacings in clays [7, 10] .
Analysis of the overall specific ac resistance of the PANI-MMT nanocomposites shows that the mate rial behaves as an electron conductor and that its con ductivity depends on the PANI to MMT ratio [11] . Usually, the level of loading of interlayer spacings in clays by the polymer matrix is monitored via X ray measurements; then, electrical conductivity is mea sured [9, [11] [12] [13] [14] [15] [16] [17] [18] .
To improve the electrical characteristics of the material and to optimize the conditions of its prepara tion, both the polymer and MMT are modified. For example, synthesis of electroconducting PANI in the 
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clay pre exfoliated with the copolymer of styrene sulfonic acid and aminostyrene makes it possible to prepare the exfoliated PANI-Na MMT nanocom posite [16] . There are some alternative methods for the prepa ration of similar composites. For example, polyfuranclay and polythiophene-clay nanocomposites were loaded with aniline and its polymerization was carried out. The morphology of nanocomposites was studied before and after the introduction of monomer, and electrical conductivity was measured [17] . To improve the electrical conductivity, PANI was successively loaded onto the layered silicate and the electrical con ductivity was increased by two to three orders of mag nitude [8] . Polymerization of aniline in the system containing Na MMT yields composites with an elec trical conductivity up to 1.5 S/cm [9] .
PANI containing nanocomposites containing polypyrrole and synthetic silicate like mica show interesting characteristics. In this silicate, the interca lation polymerization results in a well pronounced anisotropy of electrical conductivity in the highly ori ented multilayered polyaniline films [18] . The surface conductivity reaches 0.05 S/cm, a value that is 10 5 times higher than that in the orthogonal direction.
The objective of this study is the development of approaches for the preparation of PANI and Na MMT based anisotropic electroconducting film com posite materials by the methods of boundary and intercalation polymerization of aniline as well as by mechanical blending via compactization under paral lel-plane compression of solid dispersions (powders).
EXPERIMENTAL

Preparation of the Samples
In this study, we investigated PANI-Na MMT composites prepared by in situ polymerization of aniline in the interlayer regions of clay (Table 1 , sam ples 1-5) and samples with the preferential localiza tion on the surface of clay particles (sample 6).
For the intercalation loading of clays, a multistage method of polymerization of aniline was used. At the first stage, Na + cations were fully removed from the interlayer regions and substituted with protons. In this case, the Na MMT samples were treated with 1M hydrochloric acid for 4 h at 80°С; later, the solution was decanted after prolonged storage. This procedure was repeated no less than five times to achieve maxi mum removal of Na + and excess hydrochloric acid. At the second stage of synthesis of the nanocom posite, aniline monomer was incorporated into the interlayer regions of clay in order to attain the maxi mum possible aniline content. The samples based on the protonated MMT were treated with a 0.4 M solu tion of hydrochloric acid containing a 10 fold excess of aniline (as compared with the calculated level) at 80°С for 4 h under constant stirring (sample 2), to
